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Dear Mr, Kintner:

Reference: Enrico Fermi Atomic Power Plant, Unit 2
NRC Docket No. 50-341

Subject: Fuel Pool Cooling System =
Additional Information

Attached is one copy of the draft responses to questions
on the High Density Spent Fuel Storage System.

Also attached is one copy of a revised FSAR Section 9.1.3
that incorporates the informaticn consistent with the
response to the above mentioned questions.

It should be noted that the RHR cooling capacity is
greater than that identified during our meeting on May 14.
This increase is due to the use of increased flow to the
pool and lower service water temperature used in the most
recent calculation.

This information will be ‘ncluded in a forthcoming FSAR
amendment.

Sincerely,

W. F, Colbert
Technical Director
Enrico Fermi 2
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Response to NRC Questiocns
Enrico Fermi Unit 2 High Density

Spent Fuel Storage System
A criticality analysis for fuel assembly movement around the perimeter of
the conventional aluminum storage racks containing fuel assemblies is in
progress. The results of the analysis are expected to be available for
transmittal to the NRC by May 26, 1981. This analysis will consider only
one fuel assembly to be in the perimeter region. The available overhead
handling facilities would not permit the handling and/or movement of more
than one fuel assembly at a time. Additional fuel assemblies ia the peri-
meter region would first require an unauthorized release of a fuel assembly
in the region, aand then retrieval of an additional assembly for movement
‘;):he same region. Both of these actions would be a violation of adminis-
trative procedures. In addition, the geometry of the fuel assemblies would
not permit stable "stacking" of an assembly outside the racks. Edison does
not therefore consider the existance of more than one fuel assembly in the
perimeter region of the conventional aluminum storage racks as a credible

scenario.

. (a} Refueling cycles of one-quarter core every l2 months, one-third core

evesy 18 months, and a combination of these two cycles have been analyzed
for 2l-day and 30-day cooling. The discharge cycles which results in the
highest normal refueling cycle decay heat is a one-third core l3-month
cycle with 2l-day cooling. The attached revision to Figure 9.1-25 shows
that this worst case results in a decay heat wbich is below the heat re-
moval capability of the fuel pool cooling system.

!b; The minimum elapsed time between shutdown and when all of the dis-
charge fuel is in the spent fuel storage pool will depend upon the number

of assemblies that will be discharged. For normal refueling, this will be



21 days consistent with the ~ocoling pericd used in the normal refueling
decay heat calculation.

fe) All calculations have been prepared using ASB Technical Position 9-2.
The values of decay heat have been recalculated using a 100 percent power
factor.

ld) The worst case normal refueling cycle as covered in Item 2a above has
been plotted on the attached revision to Figure 9.1-25. The RHR System heat
removal capacity is not shown on this figure, but it is well above the heat
removal capacity of the FPCCS.

fe} The fuel pool cooling system heat exchanger design duty as previocusly
shown in Table 9.l-1 was conservatively calculated based on 100°F reactor
building ~.osed cooling water (RBCCW) system temperature. In accordance
with footnote (a) of this table, the maximum RBCCW temperature is actually
95°F resulting in an actual total sys’ .. heat exchanger duty of 10.0 x 106

BTU/hr. Revised Figure 9.1-25 now shows that the maximum normal cumulative

heat load will not exceed the rated capacity of the spent—fred—emITEITTNR
Secoh
43!.9+?system. Accordingly, the RHR system will not be required to augment
=ecle
the-’l!q{system for any normal refueling.

(f) We have determined the worst case maximum cumulati e decay heat to occur
after 288~hr decay, 180 days after the final ncrmal core discharge (2.0 cores
in the pool). The attached figure shows that this heat load is below the
heat removal capability of the RHR system when aligned to the fosi=gacl

FPCC

seal-tne  system.

-
=psn

(g) The—sued-pool-seeting, system is not designed to remove decay heat for a
full core discharge but for normal cumulative heat loads as outlined in Item

(e) above. Since the full core is in the spent fuel pool and the heat re-

moval capacity of the RHMR System bounds this heat load case, the time before

ra



the heat load would decay to a value equal to the capacity of the FPCCS
would not be of concern.

(h) The method for verifying that the decay heat load in the pool is equal
to or lees than the capacity of FPCCS will be described in an operating
procedure. One possible method would be as follows:

(1} When the pool temperature had been reduced to less
than 125°F, the RHR pump would be shut-off, and the
cross-tie valves closed.

(2) The FPCCS valves V8-3006 and V8-3253 wculd be opened
and the FPCCS pump(s) started. The FPCCS heat exchangers
would be either by-passed or the servic. water (RBCCW)
to the heat exchangers ?huc-off.

(3) The temperature in the :;;L'pool can be determined
from temperature element TE-NGC 9 (in the pump suction
line). TE=-NO10 has a strip recorder which plots temper-
ature versus time for a range of zero to 200°F in in-
crements of 5 F.

(4) Verification that the FPCCS heat removal capacity is
greater than the pool heat load would be established
by comparing the measured temperature rise rated to a
predetermined rise rate representing the FPCCS heat re-
moval capacity. The predetermined rise rate value would
be based on the existing service water temperature (RBCCW),
and the sensitivity of “he temperature recorder.

3. At the maximum heat load determined in response to Item (f) above. the
pool will rise from 125°F to 212°F in 8.5 hours and the boil off rate

will be 8.4 lbm/sec. Coolant can be added to the pool (if necessary)



oA
from the RHR,6W System through the RHR System, the Condensate Storage

System, Firefighting System, or from the torus (since the full core is
in the fuel pool) through the RHR System. The quantity and make-up rate

for each of these sources is tabulated below:

Quantity Make-up
Make-up Source Available Rate
RHRSW 6,930,000 gal. 2000 gpm (one pump)
Condensate Storage 600,000 gal. 100 gpm
Fire Protection Lake Erie 500 gpm (minimum)
Torus 1,000,000 gal. 5400 gpm

It is anticipated that make-up from each of the above sources could be
provided to the spent fuel pool in less than an hour.

ru&“’t’j"-
The revised calculations for 100 percent power factor Zawe a revised de-

decay heat valve of 9.9 x 10° BTU-hr. This heat load will result in a
pool temperature rise from 125°F t- 212°F in 26 hours. The discussion
of the plant conditions leading to the availability of the RHR System
for fuel pool cooling were previously provided in Edison's response to
NRC question #020.24 (FSAR Appendix E, page E.2.020-30).

Back-up cooling is provided to the fuel pool by means of a permanently
piped cross-tie to the RHR System. 1In this mode of operation one RHR
pump and the corresponding RHR division heat exchanger will provide the
means to cool the fuel pool. This cooling circuit is established by
opening cross-tie valves V8-3264 and V8-3029 and closing FPCCS valves

V8-3006 and V8-3253 (see figure 9.1-23). For the designed piping con-

figuration, the RHR pump will deliver approximately 5400 gpm, and the

RHR heat exchanger will remove approximately 35 x 106 BTU/hr at 125°F .

0
pool water temperature and 89 F RHR service water temperature. To



insure the availability of back-up cooling via the FiR System, the cross-
tie piping, the FPCCS piping from the skimmer tanks to the first anchor
downstream of valve V8-3006, and the FPCCS piping from the first anchor

upstream of valve V8-3253 to the fuel pool diffusers are Category I.

6. The FSAR states the spent fuel storage racks and their supports are
designed to withstan! an impact energy of 2000 ft-1b from a falling
object. (Section 9.1.2.1.) The NRC requested we verify this for all
items normally carried over the racks. The attached table gives the
results of the study made in response to this request.

The kinetic energies were computed including the effects of drag and
bouyancy. The study shows three items - fuel bundle, control rod guide
tube, and blade guide - exceed 2000 ft-1lb. if dropped from above the
pool surface. Administrative procedures will require these items to be
inserted and withdrawn from the pool in an area which does not contain
racks. No restrictions are necessary for carrying three items at normal
heights during transfer from the pool to the r- ctor vessel.
Kinetic Energy of lrems Dropped
Into Fuel Pool
Kinetic
Item Weight (lbs) Ener Ft-lbs
From 40-in. From 30-in.
Above Rack Above Pool
Fuel Bundle 700 2000
Control Rod Guide Tube 257 860
Orificed Fuel Support 62 100
Control Rod 250 1400
Vacuum Cleaner 150 80
Actuating Pole 81 1800
Fuel Support Grapple 87 ’ 130
Control Rod Grapple 17 380
Fuel Bail Cleaner 50 50
Defective Fuel Storage
Container 190 1050

Blade Guide 180 600
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EF2 FSAR

$:1.3 Fuel Pool Cooling and Cleanup System (F=CCS)

The fuel pool cooling system is designed to remove the decay

heat produced by stored spent fuel assemblies during all
anticipated conditions of plant operation and refueling.

The system consists of two identical trains, which include I

pumps, heat exchangers, and filter demineralizers.

The design criteria for the fuel pool cooling system are as
follows:
a. The spent fuel péol storage capacity is,
nominally 2.1 cores, plus room for removing a

full core.
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_ Both cne-quarter core l2-month and one-third

core l8-month fuel discharges are conceivable

refueling cycles for Fermi 2. Depending upon the

actual refueling cycle, the maximum spent fuel

population may be comprised of one of the follow-

. ing:

1. 2.0 cores comprised of eight groups of spent
fuel assemblies, each group containing a
number of assemblies approximately eguivalent
to one-quarter core discharged into the

pool annually.

2. Slightly less than 2.0 cores comp(\ised of seven
groups of spent fuel assemblies, six groups
containing a number of assemiglies approximately
equivalent to one-quarter core discharged ’
annually and one group containing a number of
assemblies approximately equivalent to one-

third core discharged 12 months later.

3. 2.0 cores comprised of six groups of spent fuel
assemblies, each group containing a number of assem-
blies approximately equivalent to one-third

core discharged every 18 months.
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Ce. The spent fuel assemblies have a power history
giving the discharge batch an average irradiation

230,000 Mwd/MTU.
d. The maximum normal bulk pool temperature is 125°F. {

e. The decay heat was calculated for the various

fuel populations described in b.l, b.2, and b.3,

above, based on Branch Technical Position ASB 92-2,

Revision 1. The following assumptions are made to

calculate decay heat load to the pool:

1.

For cases b.l and b.2, each discharged assembly

has been irradiated for 4 years.

For case b.3, each discharged assembly has been
irradiated for 4-1/2 years.

During the irradiation period, the reacuor is
operating at = 100 percent power G=Stuw. !
After shutdown, the RHR cooling system is used

for 21 days while the reactor head is off and \
refueling/maintenance operations are proceeding.

In applying Branch Technical Position ASB 9-2,
Revision 1, the uncertainty factor K for

irradiation time t‘>107 seconds is taken to

be 0.1.

The decay heat contribution from the heavy
elements (U-239 and Np-239) .is ignored because,

during the time of interest (t> 21 days), the
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heavy element decay heat is less than 0.2

percent of fission product decay heat.

The FPCCS is a non-Category I, Quality Group C

System.

g. For purposes of anl};zing the radiological dose

consequences only, the loss of fuel pool cooling

accident is evaluated against the criteria of 10

CFR 100. To perform the analysis of site boundary

doses, the following assumptions were made:

1.

As stated in response to Item 020.23 in Appen-
dix E of this FSAR, an I-131 concentratioa in
the fuel storage pool is assumed to be 60 pCi/g.
Only I-131 is considered because doses from
other nuclides, by comparison, are relatively
negligible.

Heat released from the spent fuel is conserva-
tively assumed to have a constant value of

9.9 x 106 Btu/hr (maximum decay heat resulting
from Subsectio_n 9.1.3.1.b.3) for a period of

30 days after the assumed loss of the fuel pool
cooling system. For purposes of evaluating

the radiological dose consequences only, it is
conservatively assumed that no other heat removal
method is available except for pool boiling

and that the time to achieve pool boiling is

zero. Makeup water is assumed to be proviied

at a rate equal to that of boiling and thus



EF 2 FSAR

Page 5

maintains the qu\ pool water volume at a con-

stant value of approximately 48,000 £t3. =2

e RN seevica
;:iftential make up sources are Ruter—ta—Saame

v, Condunnale ﬁwus,, and Yece ?n‘hg“'.a\ \n‘s'\gn.

The iodine in the pool water is assumed to be
released from the pool at a rate that corre-
spc \ds to the boiling rate with the application
of a partition factor of 10, and to be released
to the environment via the SGTS with a removal
efficiency of 99 percent.

The variation ~f iodine concentration in the
fuel pool as a function of time is calculated
tealistically to account for decay, boiling,
and the addition of makeup water, Two cases
are considered: one assumes the makeup water
to contain no radiocactivity and the other
assumes an unlimited supply of makeup water

at an initial concentration of 60 pCi/g.

h. The FPCCS is designed to achieve the following

additional functions:

1.

Minimize corrosion product buildup and control
water clarity, through filtration and demin-
eralization, so that the fuel assemblies can

be efficiently handled under water.
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2. Minimize fission product concentration in the
water that could be released from the pool to

the Reacfor Building environment.

" Glnuater Tl eel et deved and mutn-
provide :ﬁleldlng for normal building occupancz.
4. Maintain the pool water temperature at less
than 150°F, with the heat loading resulting
from the removal of a full core following a
normal refueling. This is achieved by being
able to interconnect the RHR system and the
FPCCs.
5. Preclude siphoning the spent fuel pool by

providing siphcning breakers on all lines

penetrating the spent fuel pool.

- P ) Svstem Description

The FPCCS cools the EuLa stcrage pool by transferring decay
heat through heat exchangers to the Reactor Building closed
¢ooling water (RBCCW) system, as shown in Figure 9.1-23.
Water purity and clarity in the fuel storage pool, reactor
well pool, and dryer-separator storage pool are maintained
by filtering and demineralizeing the pool water as shown in

Figure 9.1-24.

\
The FPCCS is comprised of two trains, each of which has 50
percent filter capacity. Each train is designed to remove

6 Btu/hr at 12502 pcol water temperature and 9S°F

5.0 x 10
RBCCW temperature (Table 9.1-1). The system consists of

two fuel pool ccoling pumps, ‘two heat exchangers, two
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filter-demineralizers, two skimmer surge tanks, and asso-
ciated piping, valves, and instrumentation. The two fuel
peol cooling pumps are connected in parallel, as are the two
heat exchangers. The pumps and heat exchangers are located
in the Reactor Building below the level of the bottom of

the fuel storage pocol.

The filter-demineralizer units are located in the Radwaste
Building in separate shielded cells, with enough clearance

to permit removing filter elements from the vessels, Each
cell contains only the filter-demineralizers and piping.

All valves (such as inlet, outlet, recycle, vent and drain)
are located on the outside of one shielding wall of the cell,
together with necessary piping and headers, instrument
elements, and controls. Penetrations through shielding walls
are located so as not to compromise radiation shielding

requirements (Subsection 12.1.2).

The pumps circulate the pool water in a closed loop, taking
suction from the skimmer surge tanks through the heat ex-
changers, circulating the water through the filter-deminera-
lizers, and discharging through diffusers at the bottom of
the fuel storage pool. The cooled water traverses the pool,
picking up heat and debris before starting a new cycle by
discharging over the skimmer weirs and scuppers into the

skimmer surge tanks. The normal makeup water source for the ‘



system is provided from the condensate storage tank to the
skimmer surge tanks.

Back up cooling is provided to the fuel pool by means of a

permanently piped cross-tie to the RHR System. In this mode

of operation one RHR pump and the corresponding RHR divisicn
heat exchanger will provide the means to cool the fuel pool.
This cooling circuit is esta&lished by opening cross-tie valves
V8-3264 and V8-3029 and closing FPCCS valves V8-3006 ard

V8-3253(. (See Figure 9.1-23). For the designed piping

confiquration, the RHR pump will deliver approximately 5400
gpm,and the RHR heat exchanger will remove approximately

a5 x 106 BTU/hour at lZSoF pool water temperature\and—éggﬁ

S Yo A=)l '
Me:-w;}!—eem-ro%&tne availability of

backup cooling via the RHR System, the cross-tie piping, the

L DS SAR—— —

FPCCS piping from the skimmer tanks to the first anchor
downstream of valve V8-3006, and the FPCCS piping from the

first anchor upstream of valve V8-3253 to the fuel pool

are.
diffusers oA Category I.

Both FPCCS heat exchangers operating in parallel are designed l
to remove the maximum heat load produced by various combina-
tions of spent fuel discharged from the equilibrium fuel

cycle at the time the RHR system is isolated from the pool, |
Plus the heat being released by batches discharged at pre=-
vious refueling (see Subsection 9.1.3.1). The FPCCS is
designed to maintain the fuel Storage pool water temperature
below 125°F while removing the maximum normal heat load

from the pool with the RBCCW temperature at its maximum.

The pool operating temperature is permitted to rise approxi- ‘

o
mately 25°F above the normal Operating *emperature of
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125°F when larger than normal batches of fuel are stored

or when the FPCCS becomes incapicitated. 1In this case, either
of the heat exchangers in the Rﬂfk system can be used in éon-
junction with the FPCCS to supplement pocl cooling. Table

9.1-1 also lists the characteristics of an RHR subsystem in

fuel pool cooling mode.

The design of the fuel storage pool is such that the top of
the stored fuel is at a lower elevation than the bottom of
the pool gate between the reactor well and fuel storage
pool. There are no connections to the fuel storage pool
that could drain the pool below the elevation of the bottom
of the pool gate when the gate is removed for refueling, or
below the normal pool level when the gate is in place. To
prevent water from being siphoned out of the pool, the piping
entering the fuel storage pool is fitted with check valves
and vacuum breakers above the pool elevation. A level
indicator, mounted at the valve rack, monitors reactor well
water during refueling. A high r ate of leakage through the
refueling bellows assembly, drywell to reactor seal, or the
fuel storage pool gates is indicated on the operating floor

instrument racks. \

Fuel storage pool water is continuously recirculated. The
circulation patterns within the reactor well and storage

pool are established by the placement of the diffusers and
skimmers so as to sweep particles disloged during refueling

operations away from the work area and cut of the pool.
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For refueling operations, the reactor well and dryer-separator
storage pools are filled by first transferring the required
£ill water from the condensate storage tank to the condenser
hotwell. After the vessel head is removed, the fill water is
transferred from the hotwell through the feedwater spargers

ané into the reactor well with the condenser-heater feed pumps.

Clarity and purity of the pool ' ater are maintained by a com-
bination of filtering and ion exchange. The cleanup system
has sufficient capacity to ensure pool water clarity and
purity. The water purity is maintained by monitoring the
demineralizer conductivity and differential pressure with
periodic sampling and anlysis of spent fuel storage pool water.
The filter-demineralizers maintain water purity within

chemical limits specified below:

-

Demineralizer
Fuel Pool Chemical Limits Effluent
Conducitivty %3 umho/cm at 25°%¢ £1 umho/cm at 25°¢
Chloride X500 ppb < S0 ppb
pH 5.3-7.5 at 25°C 6.0-7.5 at 25°C

Total insolubles $1 ppm
Demineralizer differeniial pressure limit: 25 psi.

The system flow rate is larger than that required for
two complete water changes per day of the fuel storage pool,
or one change per day of the fuel storage, reactor well, and

dryer-separator pools. .



-
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The maximum system flow rate is twice the flow rate needed to
maintain the specified water quality. Particulate matter

is removed by the filter-demineralizer unit in which finely
divided, powdered, ion-exchance resin serves as the filtering
medium. Alternatively, a combination of powdered resin and
precoated material such as cellulose may be used as the dis-
posable filter medium. The filter elements are stainless
steel mesh elements mounted vertically in a tube sheet and
replaceable as a unit. The filter vessel is constructed of

carbon steel and coated with a phenolic resin material.

Spent fuel storage pool water and demineralizer effluent are
sampled and analyzed once per week. Instrument readings for
conductivity and differential préssure are taken once per
shift. Alarms sound in the contrel room if demineralizer
conductivity, flow, or differential pressure limits are
attéined §0 that corrective action may be initiated. Back-
washing and precoating operations are controlled from a local
panel in the Radwaste Building. The spent filter medium is
removed from the elements by backwashing with air and con-

densate and then is flushed to the waste sludge tank.

A post-strainer in the effluent stream of the filter-deminera-
lizer limits the migration of filter material. The filter-
holding element can withstand a difterential pressure greater

than the developed pump head for the system.
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System instrumentation is provided for both autcmatic and
remote-manual operations. A low-low level switch stops the
circulating pumps when surge tank reserve capacity is reduced
to the volume that can be pumped in 1 minute with one pump

at rated capacity. Manual contrel for the circulating pumps
is either from local panels or the control room panel. Pump

low suction pressure automatically turns off the pumps.

The FPCCS has alarm functions for cocling pump low discharge
pressure, refueling bellows seal leakage, fuel pool gate
reactor well seal leakage, skimmer surge tank high level, fuel
pool pool high level, and skimmer surge tank low level. All
of these functions give a common alarm signal to the main
control room; for example, fuel pool cooling system trcuble.
Each function also has a light, located on local control
panels, which determines the cause of the common alarm in

the main control room. In addition, there are specific alarms
in the control room for the fuel pocl high temperature, fuel

pool low level, and fuel pool demineralizer trouble.

The local control panels receive power from a standby source
if normal power is not available. Circulating pump motor loads
are considered nonessential loads and will be cperated as

required under accident conditions.
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$:.1:3:3 Safety Evaluation

The fuel pool cooling system maintains the fuel pool bulkr
temperature below 125°F with the design decay heat load.
The fuel pool cooling and RBCCW pumps are powered from
redundant buses; this ensures continued cooling operation.
The RHR system provides a safety source of emergency makeup

water and redundant heat removal capability.

No inlets, outlets, or drains are provided that would permit
the spent fuel pool to be drained below a safe shielding level.
Lines extending below this level are quipped with siphon
breakers, check valves, or other suitable devices to pre-

vent inadvertent pool drainage. The line draining the space
between the two gates is sufficiently high to preclude

draining excessive water above the spent fuel storage racks.

Exéept during refueling operations, tne fuel pool will be
isolated from the rea ctor head cavity and dryer-separator
storage poocl by two redundant watertight gates that close
the opening through wnich spent and new fuel is transported
to and from the fuel pool. The bottom of the gate opening
is above the top of the fuel storage racks in the bo m of
the fuel pool to ensure that the stored fuel fuel can never

be uncovered.

The only interconnection between the cooling and cleanup

subsystems is the fuel pool itself. The cléanup pumps'

return line is prcovided with & siphon breaker.
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The decay heat load in the fuel pool may vary widely because

of various possible combina%ions of:

a. The number of groups and the respective irradation
periods of spent fuel assemblies in the pool (see
Subsection 9.1.3.1.b and e)

r

b. The duration of time-after-shutdown fog each of

the spent fuel groups.

Decay heaat has been calculated for the various fiel assembly
discharge combinations and assumptions of Subsection 9.1.3.1.
Combination 9.1.3.l.b.3/ége-th1rd core 18 month discharges
with 21 days cooling}as resulted in the greatest heat release

6

to the pool of 9.9 x 10° 8Tu/hr (2.90 Mwh).

bnde: abnormal conditions of high fuel pool decay heat load
and/or FPCCS capacity restriction (e.g., due to maintenance),
the heat 1 cad may exceed the capacity of the operating

pocrtion of the FPCCS. Should this occur, an RHR loop can

be aligned to take suction from, and discharge to, the fuel
pool. The use of the RHR system in the fuel pool ¢ ooling

mo de makcsone LPCI subsystem inoperable in terms of being
ready for emergency core cooling. The Technical Specifications

will note this equivalenceand require the same ACTION as if

the Subsystem were inoperable.

Yy g -
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The heat load to the pool is caused by the decay heat of the
fission products and the activated heavy elements (v-239 and
Np=239) contained in the spent fuel assemblies stored in

the pool. Table 9.1-2 presents the fractional decay heat as
a function of time after shutdown determined with the method
given in BTP ASB 9-2. This data is based on a full power
operating pericd (:l) OF 4-1/2 years which is consistent with
a 1/3 core, 18 month equilibrium fuel cycle. The number of
fuel assemblies per discharge and the decay heat contribution
for each discharge are also given in Table 9.1-2. The actual
decay heats in MW for fuel assemblies discharged in consecu-
tive years are presented in Table 9.1-3 are computed as

follows:

QDKP (t_ )= 3293 MWt x B (t ., t.) x 1
Po 3
where

QDKP (tg) = decay heat of the fuel assemblies that

have been stored in the pool for t_ sec., Mg

3293 Mwﬁ = rated thermal output of the core

P

Po (to. ts) = fractional decay heat

) = Fraction of full core discharged per refueling.
3

Table 9.1-3 gives the cumulative'pool heat lead and quality of
;-‘Lgtored in the pocol versus t'-n;ﬁafter the initial discharge
to the“pool.  These Gata are also shown Bn Figure 9.1-25.

Also shown is the relation between the maximum heat lcad to

the pool (shown as the upper circles in the figure) and the
& 4 = e °*

number of spent fuel assemblies stored.
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33e !
It is shown that for @8 assemblies, the maximum heat locad

is 2.90 MW, which is _elow the present heat removal capacity

of 2.92 MW. If +he Cooling peviod with *he RER systm dvring
refieling 15 eviended from 21 Tays 4o 32 Dayy , The BulK
Poo! Heat Locd Lo tha ’/3 cort, |8 manth a1 € 13 reduced

2.95nn *o 2.8 nw.,
1£, in the unlikely event, the pool temperature exceeds 125°F

because of greater than deésign decay heat load and/or degraded
performance of FPCCS, one loop of the RHR system will be
employed to control the pool temperature. However, as stated
previously, the RHR loop will be considered to be equivalent

to inoperable and Technical Specification limits will apply

to plant operation with ocne RHR loop inoperaovle.

Item 020.23 in Appendix E.2 addressed the consequences for
loss of cooling to the fuel stotage pool. A revision has been
performed to reflect the use of a high-density rack configura-
tion in the fuel storage pool. Revised calculations indicate
that the 2-hour thyroid (inhalation) dose at the site boundary
would be 1:7 mram, and the 30-day thyroid (inhalation) dose

a* the low population zcne would not exceed 29 mrem.

The metecrological condition assumed for the accident is the
fifth percentile short-term (accident) X/Q's for actual site
meteorological data provided from Detroit Edison's 60-m tower
and as reported to, and accepted by, the NRC staff (NRC letter
dated April 26, 1976, G. w.\Knighton to H. Tauber, Reference 6).

These data are presented in Table 9.1-4.

The calculations estimate the 2-hour thyroid (inhalation) dose
at the site boundary to be I7xntem for both radiocactive and

nonradicactive makeup water. The 30-day thyrcid (inhalation)
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dose at the low pogulation zone for radicac*‘ve makeup is
24 mrem; whereas for nonradicactive makeup, the 30-day dose
is 2% mrem. Table 9.1-4 presents the major parameters used

in the calculations.

Results indicate that the dose from this postulated accident

vouid not exceed a fraction of 10 CFR 100 limits.

In summary, the spent fuel storage pool cooling system's

design, siphon breaking piping arrangement, redundant trans-
fer gates, emergency makeup water supply from the RHR service
water system, and RHR backup capability provide a completely

reliable system for the storage and cooling of spent fuel.

9.2.3.4 Testing and Inspection

Prior to power operation following a refueling outage, a
determination will be made that the heat generation rate in
the fuel pool is within the current capacity of the FPCCS

to maintain the pool temperature at 125°F or less.

The first valves in all lines and branches connecting to

the pool are subject to tests as category B and C values under
Section XI of the ASME Bs&PY Code. These include the valves
touting the water to either‘the FPCCS or ﬁne RHR and the

vacuum breakers on the return lines.

No special tes.s are required for instrumengation on the FPCCS.

The instrumentation will be subjected to routine testing.
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The FPCCS precoperational test program will be zonducted as

discussed in Chapter 14.

5226581
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TABLE 9.1-1 PFUEL POOL COOLING AND CLEANUP SYSTEM

Total Pool, Well, and Pit Volume 107,000 fe)
Fuel Storage Pocl Volume “+8,00° (XY DTS Lt
long-Term Heat Load <3.95 x 10° Beu/mn A5

Design Heat Load “.9 QY x 10% BLu/m ((ED°F cooling water inlet)
Maximum Heat Load (RHR required) 2¢.6 x 10° Btu/h

Puel Pool Cooling Water Pumcs

Quantity . 2

Type Horizontal, centrifugal
Design Flow/TDH (each) 550 gpm/300 £t

Motor hp : 60 hp

Puel Pool Cooling Heat Exchangers

Quantity Q5 2
Design Duty @ @)°r recow'® o0 D x 10° Brum
Design Code ASME Boiler and Preusure Vessel,
Section VIII
Shell Side Tube Side
Fluid Circulated RBCCW () Spent fuel pool water
Temperature in 95°F 125°F
Fluid Flow 800 gpm S50 gpm
Number of Passes 1 2
Material CS, SA-l06e S§5-304, SA-249
Design Pressure 150 psig 200 psig
Design Temperature 150°F 150°*F
Fuel Pool Filter Demineralizers
Type Pressure preccat
Quantity 2 2
Design Filter Area 270 £t
Filter Capacity $50 gpm
Maximum Pressure Drop 20 psi
Design Code ASME Boiler and Pressure Vessel,
Section VIII
Holding Pump Flow 27 gpm
Precoat Flow 405 gpm
Vi) Tool Cootian Cagncitu, o8 RIAR_
s.-..:.\oé..Tz-r.\.‘ 85°% 85°¢ 55 "% 83 *¢
Fual Ped Ve mperatuee 125 I1Se°F 125 % 150°%

Mit\ql\(ou'\c.\, ?"‘,{, ES PIY Gdxia 3Ss10" Co=o*

(a) Maximum temperature of RARCCW/is 95°F at 85S°F lake water temperature. When

' lake water temperature is @3°F or below, the RBCCW is controlled to €3fF. o
The heat removal capacity ¢f one of the FPCC system heat exchangers at 1
8S°F RBCCW is approximatelyg 6.3 x 106 EIVA S~ == S e aw sermraew

o™k
9.1-38 Amendment 32 - December 1980
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, Y y ¥ :J-J’-—I‘L:‘JJ__ .
AT fodr n3A A °é 1774 I;,,é.m &‘cc\ wﬁﬁ)

W w“'" : :Enrico Fermi it 2 High Oensfty
A/M Spent Fuel Storage System

_ln acc.orﬂanc:; with {ten 1.2(1) of the Aprﬂo 13, 1378 generic let'er en

spent fyel ex:anifons descrided and discuss the potential for crit.icchy
betng achieved if fuel assesdlfes are 1nadvertantly pla.ced arcund the .
pcrimt;r of the cenventicnal aluminum storage racks containing fue.l .. -
asserdlfes, : ' -
Apendment 2 descrided fiye different pessible heat loads without {dent{.

fying those that determine the spent fue] pool heat remgyal Systen require-

(a) Identify the Particular discharge cycles that define the
Spant fuel pool ceol ing systen requirrments

(b) Indicats the nin.=um elapsed time between shutcom and when all

(¢) verify that 311 calcvlated valyesos cecay heat have been ob-
tatned in dccordance with the guidance 1n Asg Technical positien 9-2.
It should be noted that asg 1p 9-2 presumes the reactor nad been

operating at rated Power {.e., it {s not acceptadle to assume the
reactor had bdeen operating at 803 o« rated power -
\

(d) using that normal refueling cyele which yfelds +he maxirum dacay
' heat Yoad, provide a cigt of the cumulstive spent fuel poo! heat

10ad versus time si=  rto Figure 9.1-28 in Amendrent 32,

i |
»

. - \



(e)

tfi

(s)

(h)

Superimpose on the plot the rated heat recoval capacity of the
spent fuel pool cooling system,the heat removal capacity of the
RHR system and the combined heat removal capacity of the spent

fuel pool cooling systen and the RHR system.

: narmd
In each occasion in the above plot uhere the total cumulative heat

1oad exceeds the rated capacity of the spent fus) pool coeling
system {;dtcate the additional decay time (resident tumn in the
;pent (el poo1)'befort‘;he heat lo0ad »11) decay to a value equal
to the capacity of the spent fuel pool cooling system {.e. ths RNR

No lenger
system is r-qufrad to augment the spent fuel pool cooling syste

Using the cumulative decay heat valves developed adove v o>~
a plot of the total heat load assuming & full core discnarge ..re

to occur {nstead of a noraml discharge at each refueling pericds.
Superimpose on the plot the heat removal capacity of the spent
fuel pool cooling system, the RHR system and the combined spent

fuel peol ¢cooling system and RMR system

dotn) mmavimum \

In each occasion where the above, cumulative heat load plot exceeds
the rated capacity of the spent fue1 pool cooling system indicate

the required additional decay time {n the spent fuel pool bafore

the heat load will decay to a value equal to the capacity of the
spent fusl pool cooling systen

\

Descride and discuss the methods that will be erployed to verify that
the decay heat load in the pcol 1s equal to or less than the capacity

of the spent fuel pool cooling system and therefore the RHR systenm

. POOR CRIGNA!
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can safety be returned to its normal safety function,

ey . - . -

Assumring the raximum heat load in the spent fuel pool'finCT..e a fu11 core

discharge) and a ccﬁpleta loss of external peol cool1ng,1ndlcate the time

— r— - - - e

interval before boniing uoqu eccur and indicate the bofl off ratz. In

-_-— - e - -

regard to the identxfwed scurces of makeup water given 1n coplia~ss with

for cach makeup Wwurce
Regulatery Suide 1.13 Amencrent 1 dated Noverber 137: Cescridz and discuss
the quantity of makeup water avallabYe,_gbe makeup rate and ti~e require

before 1t can be available at the pool.

Assuming the reactor {s operating at power, and the spent fyz) pool ccaling
system fai1s when the pool has a heat Joad of 7.9 x 136 8m/hr. Inﬁ'c:t:
the elapsed time before boiling-occurs. Relate this tise interval to tie
time interval required to pleace the MR system in the spent fusl pogl ceol-
ing mcde of oparation. The discuss’on fs to include the plant conditione

that must be met before the RNR system can be mace available for ccoling

the pool

-

Descride and discuss the assumpticns and input data used in est Olishing the

heat removal capacity of the RHR system when operating in the spent fue)

pool cooling mece.

\

In regard to the ability of the high density storace racks t5 protect the

- stored spent fuel asserblies fren Joad drops the staff has assu-ed in e

3-
4

. 8,
6,

- - -
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past that all lesser loads when dropped from thefr maximum elevation
would cavte Toss damage, 1.e., the product of the wdicht of the load

times the drop .efght would be less that the weicht of one fuel
asserbly and its associsted handling toel when dropped from {ts

wax{rym elevation above stored spent fuel, Verify that this assump-

tion s correct. ] -

POOK ORIGINAL

-



